Very-high-energy (VHE; E > 100 GeV) γ-rays from distant sources suffer attenuation through pair-production with low energy photons from the diffuse extragalactic photon fields in the ultraviolet (UV) to far-infrared (FIR) (commonly referred to as Extragalactic Background Light; EBL). When modeling the intrinsic spectra of the VHE γ-ray sources it is crucial to correctly account for the attenuation. Unfortunately, direct measurements of the EBL are difficult and the knowledge about the EBL over certain wavelength ranges is poor. To calculate the EBL attenuation usually predictions from theoretical models are used. Recently, the limits on the EBL from direct and indirect methods have narrowed down the possible EBL range and many of the previous models are in conflict with these limits. We propose a new generic EBL density (not a complete model), which is in compliance with the new EBL limits. EBL evolution with redshift is included in the calculation in a very simple but effective ad-hoc way. Properties of this generic EBL are discussed.
Introduction
The EBL consists of all photons emitted by stars, partially reprocessed by dust, integrated over the history of the universe. VHE γ-rays from distant sources interact with this photon field via pair-production and the flux is attenuated [1] . The pair-production cross-section is strongly peaked, resulting in an energy dependent attenuation signature in the measured VHE γ-ray spectra. When modeling intrinsic source spectra, this attenuation effect has to be taken into account. If the optical depth τ (E, z) from the EBL attenuation is known for an energy E and redshift z, the intrinsic spectrum F int (E) can be calculated: F int (E) = F obs (E) e τ (E,z) . Directly measuring todays EBL, especially in the mid-infrared (MIR) wavelength region, is difficult due to dominant foregrounds. Strict lower limits are derived from source counts and rather loose upper limits come from direct measurements (see [2] for a review). An indirect method of determining the EBL utilizes the VHE γ-ray spectra from distant sources. With basic assumptions about the source physics (and thereby about the intrinsic spectrum), limits on the EBL can be derived [3] .
Recently, the limits on the EBL have tightened: source counts from the SPITZER instrument gave stringent lower limits in the previously largely unexplored near-infrared (NIR; 2-10 µm) wavelength region [4] [5] [6] . The detection of several distant VHE γ-ray sources with the HESS experiment led to strong upper limits on the EBL in the same wavelength region [7, 8] . [9] re-examined the spectra of all known VHE blazars and derived limits on the EBL over a wide wavelength range.
In this article we aim to construct an EBL density (not a complete model), which is in compliance with all the latest EBL limits. For source at redshifts z ∼ 0.2 the evolution of the EBL has already an measurable effect on the attenuation. Here we follow a very simple but effective ad-hoc approach to include the EBL evolution into the calculation.
A new generic EBL
A large number of different EBL models exists. In the following, we will discuss three widely used EBL models from [10] (PR), [11, 13] (ST) and [12] (KN) in the light of the new limits on the EBL (for other models see e.g. [14, 15] ). All three models have been developed before the recent limits on the EBL from VHE γ-ray spectra and SPITZER source counts have been published. In Fig. 1 predictions for the EBL at redshift z = 0 calculated with these EBL models are shown in comparison to the EBL limits (details are given in the caption).
The PR model ( [9] ). Red curves are upper limits derived from VHE γ-ray spectra (solid [7] , dashed [8] , dashed-dotted [9] ). Upper-Right: EBL model from [10] . UpperLeft: Fast evolution and baseline models from [11] . Lower-Left: Updated high and low models from [12] . Lower-Right: Generic EBL proposed in this paper (blue curve).
above the upper limits, while the baseline model is below them. Both models have a hard spectral slope in the NIR-MIR, which is excluded by [8] using the hard VHE γ-ray spectrum from 1ES 0229+200 (but see also [16, 17] for an alternative interpretation). The KN high model ( Fig. 1 lower left panel) is in conflict with the upper limits while the low model falls below the lower limits in the NIR-MIR (recently, a new version of the model has been published [18] ). We note that in general there is a rather large spread in the prediction of the EBL from different models, reflecting the uncertainties in the knowledge of the different parameters and components contributing to the EBL (especially in the MIR to FIR). Given these uncertainties and the conflicts between models and limits we propose to utilize a new generic EBL density for VHE γ-ray attenuation calculations. Other generic EBL densities have already been proposed in e.g. [19] and [20] , to address similar problems. The EBL density is constructed to be in compliance with the current EBL limits and lying just above the lower limits from source counts. In the optical to NIR there is not much room left between upper and lower limits and we adopt a scaled PR model (z = 0). In the FIR we use a scaled KN model and connect the two shapes smoothly in the MIR, with the EBL density on the level of the source counts lower limits. The resulting EBL density is shown in the lower right panel of Fig. 1 .
Generic EBL evolution
The EBL is not produced instantaneously at a distant redshift but builds up slowly over the history of the universe (EBL evolution), tracing the star formation history. The redshift integrated photon number density is therefore lower than in the static case, resulting in a higher attenuation in case the EBL evolution is not taken into account. In Fig. 2 ing EBL evolution is compared to the attenuation calculated for the same model without EBL evolution. The optical depth τ in the energy range from 50 GeV to 50 TeV resulting from the model without EBL evolution is between 10-15% (z = 0.2) and 20-35% (z = 0.5) higher than for the model with EBL evolution.
a
The generic EBL discussed in the previous section is defined for z = 0 and does not have a known redshift evolution. A simple first order approach to include EBL evolution in the calculation is to change the cosmological photon number density scaling from n( , z) ∝ (1 + z) 3 to (1 + z) 3−fevo adding f evo > 0 (e.g. [21] and recently revived by [8] ). The factor f evo can be tuned to match the EBL evolution (as derived from complete EBL models) for different redshift ranges. Here we choose f evo = 1.2, which results in a good match for redshift up to z ∼ 0.7. In Fig. 2 the attenuation calculated from the EBL models (including EBL evolution) is compared to the attenuation derived using the generic EBL density and generic EBL evolution with f evo = 1.2. The agreement is good, resulting in a deviation in τ of < 4% for z = 0.2 and < 10% for z = 0.5.
a The offset is given in τ , since the rather constant relative offset in τ transfers in a wide range of attenuation e −τ depending on the actual value of τ . Since for modeling the relevant quantity is the attenuation, we show e −τ in the figures.
The attenuation resulting from the generic EBL with f evo = 1.2 in comparison to the attenuation from the PR and the KN high model is shown in Fig. 3 . As the generic EBL density is situated between the two EBL models, the attenuation resulting from the generic EBL lies between the two models as well. The difference in tau between the generic EBL density and the PR and KN EBL models in the energy range 100 GeV to 10 TeV is in the order of 20% to 50%.
Conclusions
The proposed generic EBL density together with generic EBL evolution provides an up-to-date tool for source modeling of distant VHE γ-ray sources, taking into account the recent EBL limits. Attenuation tables for different redshifts will be supplied online (http://www.desy.de/∼mraue/ebl/). We want to stress that the generic EBL is not a complete theoretical model but a simple fit to the current limits.
Given that there is still some spread in the possible EBL realizations, certain uses might require an absolute lower and upper limit EBL density. Here, scaled version of the generic EBL density could provide reasonable results (n ( ) = f · n( ), with e.g. f = 0.8 and f = 1.3), though there is some freedom of choice in the MIR to FIR.
The generic EBL evolution can be applied to any EBL density, e.g. to reduce the systematic error in EBL studies like [9] .
